Reference
There are many production stage related studies of precast related studies can be referred and enumerated. For example, Chan has studied a lot in precast production planning. In order to suit different standardization degrees of components, has proposed two production planning models are comprehensive method, which the method utilizes resources regularly in component producing, and specialized method, which the method considers low standardization components, for factory business organization. Furthermore, a coordinated production scheduling and rescheduling model has proposed by Chan (2003 Chan ( , 2005 to deal with risks of component demand. Chan (2005) has adopted simulation to build scenarios of viaduct producing for analysis. Considering resource-constrained environment, Leu (2002) has proposed a GA base scheduling model that discussed the importance of manpower, cranes, steam curing capacity and reinforcement cage storage space. Besides, Viaduct precast considers both supply-demand matching and high productivity. Storage and transportation planning issues of precast project have been few studied in construction field but manufacturing industry. Storage and transportation plan are two sides of a coin that are presented in many studies in manufacturing industry field. A common study type is the total cost optimization of transportation among factory, warehouse and customer. Furthermore, outsourcing of inventory and transportation may be related to time-base and quantity-base issues (Sıla, 2006) . For precast project, how to store a special object such as precast component which reduce secondary movement and component finding is a key question. The Acheson & Glover Group (2006) tried to develop a precast storage system. However, ways to store component are also related to safety of labor. For construction process issues in job-site, Hu (2005) proposed a geometric reasoning method that can help to determine the component sequence of demand. Nevertheless, characteristics of construction precast component: huge; heavy; unique in design or installation procedure cause these achievements cannot easily perform in precast factory. One of problem of precast storage and transportation is huge component. However, containerization is an issue that is valuable to be explored. Vis and Koster (2002) discussed the process of transporting containers from ship to stack in terminal. Means are used to move huge objects, including cranes, vehicles, straddle carrier… etc. Thus, a plan to simplify the process and to use these means efficiently is necessary. Avriel (1998) proposed a mathematic model that tried to deal with the storage planning problem and reduce the shifts of container in a ship. However, the size of the precast component is not the only item to be concerned of one should also be concerned about the different shapes of the component. Sadiq (1996) proposed a cluster-analysis base model the classified all the objects into several sets, then allocated all the sets to different storage zones. This model tried to link the relationship between objects to reduce secondary-movement for objects. The clusteranalysis can also work in precast project and a cluster-analysis named zoning strategy in precast project will be discussed herein.
Precast component storage and transportation
Optimization is a usual tool for precast factory planning in previous production stage's researches. Thus, this research follows mathematical model discussion with more concern in storage and transportation stages.
Foreign site storage refers that the precast factory has to look for other storage sites to store the components that cannot be stored in the precast factory during project period. This Foreign site storage issue combines component storage and transportation, and it is complex in both storage and transportation planning. This alternative occurs in practice. Therefore, further component planning and controlling mechanism in storage stage is needed to analysis all above issues for a precast factory.
Transportation stage
Transportation stage is ignored in previous precast management researches. Components always produced with few redundancies in a construction precast project, and all of them must be transported for installation to meet project requirement. Therefore, the cost of transportation can be treated as a fixed cost in most cases without detail delivery consideration because component delivery is necessary in a project. Thus, component transportation has been a parameter of fix cost which does not need to plan. However, the component transportation still plays an important role in factory business. There are two kinds of transportation must be recognized in factory business: component movement within a site and component transportation between two sites for a long distance. Component movement within a site means that components are moved within the factory, a storage site, or the work site in short distance. Equipments such as cranes and trams can be utilized for this case. These equipments are owned or rented for daily business by precast factory. Hence, transportation cost in this case can be neglected from single precast project or transformed onto the cost for factory or site setting cost. The other, component transportation for a long distance is performed by trucks. In practice, trucks are mostly rented case by case when components transport in sites or turn over from any site to work site are sure. Two important factors: weight of components and transported distance are commonly adopted for truck rental fee calculation. This long distance transportation is variable case by case. For example, components are delivered from the factory to a foreign site, the factory to the work site, and a foreign site to the work site.
Component zoning strategy
Taking to above issues as well as problems with component storage and transportation into consideration, a mechanism for precast factory planning which employed the concept of basic zoning with minimization of total cost is purposed. The related definitions and assumptions are explained in the following sections:
Component Zoning
Components are grouped into zones herein. A zone is a space that components can be stored following specific rules which assigned by planner. This component zoning is most like the behavior of the goods package in manufacturing that goods can be encased into a box by fallowing rules of what kind of box it is. By the way, a box is both storage and transportation strategy basis. However, there is no real box for precast component, but it can be instead by a specified storage space as a zone without encasement. A zone is also similar to a container to collect components. Components can be moved in respectively. Therefore, the behavior of a zone is flexible that dependent on rules what the planner made to form it as a box or container. However, the rules of zones must be clearly declared before planning.
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Zones are able to be alternated to release storage space too. This study mainly focus on how zoning strategy working in storage and transportation stage to represent component zoning. To recognize zoning rules is benefit for precast factory planning and management issue. Zones try to retain the flexibility of storage that planner can declare their own rule. Whole storage and transportation process can be formed by zones and their own rules. Zoning rules of a zone basically contain what kind of component can be stored, how many components can be stored, how much space are required and other specific rules what made by planner. Zoning rules help planner to control storage and transportation process because zones can force components well-regulated in preset rules. Thus, making zoning rules appropriate is a further important issue to meet the request of factory business management. The PS, to store grouped component, and IS, to store component by installation scope, are mainly discussed in component zoning herein. The component zoning according to grouped component occurs in PS that is the common situation in practical storage business. To store components by group has several advantages: Components can be easily found; the space utility is well in most of cases; storage space demand can be easily calculated. This is why most factories which include all kinds of industry store goods by group of goods type for warehousing, and most of precast factories are working without exception. However, this kind of zoning strategy is not always suit precast factory storage. Hundred or thousand of component groups always occur because of architect's design. 
Zoning strategy
A zoning strategy is composed by zones what are chose for a storage and transportation plan during a planned period. Thus, a zoning strategy can contain zones with same rules, zones with different rules, mutualism zones, and mutually exclusive zones if they are needed. All zones whether PS or IS are alternatives when planner do not really recognize what kind of zone rules are suitable before practice. Planner can create kinds of zones and manifold rules in zones if they are recognized before or during decision making procedure. An optimization model for seek out the optimal zoning strategy with minimal operation cost of precast factory in storage stage and transportation stage by zone selection and allocation is proposed as below.
Zone selection and allocation
From perspective of component storage, zones are used as basis elements for checking the component storage and utility of each storage site. In order to form an optimized zoning strategy, procedure of picking up appropriate zones, in term of zone selection, is very important. Figure 3 shows a possible situation of zone selection. First at all, components must be collected into zones fallowing the rules of each zone is a basic assumption. This assumption makes sure that whole process of component storage can be represented by zones. Beside, whole inventory space is divided into sites. Two kinds of site that are site inside factory and foreign site are involved according foreign site inventory behaviour, extra site rental fee are considered if a foreign site is adopted during the period of a project. This rental fee contains land usage fee and necessary facility fee to operate storage business. Besides, truck rental fee can also be recognized by location of a foreign site and weight of component which are planned to store in this site. The zone selection can be explained as relationships among components and zones. Components must be stored for sure, so that at least one zone must exist whenever any components are stored in. In other word, this zone is adopted when any component is planed to be stored in. For example, zone 1, 2, 3, and 5 in figure 3 are selected to store components. On the contrary, zone 4 is not selected to store any component. Besides, component can be stored into a zone when only they are permitted by rules of this zone. The zone allocation can also be present as relationship among zones and sites. As the same circumstance, at least one site must be used or rented because there is at least one zone must be adopted to store components. A zone can be allocated into a site, no matter site inside factory or foreign site, when the storage space of this site is sufficient. The required storage space of this zone is according as its zone rules. Site inside factory or foreign site is allowed to allocate zones, but one zone can be only allocated once and into one site during a planed period. Figure 3 shows that site 1 and site 2 inside factory are occupied by zone1, zone 2 and zone5, and foreign site 1 is occupied by zone 3 respectively. It is allowed that two or more zones allocated in a site. Besides, whenever a foreign site is selected, the rental fee that contains land usage fee and the charge of necessary resource to operate storage business will be added into project cost for entire project period.
Transportation between sites
The whole transportation problem can be divided into 3 layers component movement according to zone allocation that mention above are: 1. Factory, in other word production stage, to sites inside factory; 2. sites inside factory to foreign site; 3. sites to work site, in other word installation stage. The route of component transportation diagram is shown in figure 4 as follows: Two types of transportation, within a site and long distance transportation, can be identified into these 3 movements. The case of transportation within the same site occurs when components are moved from factory to sites inside factory, layer 1, obviously. No extra transportation cost will be charged because these movements are completed by equipments belonging to factory. The other, long distance movement occurs in layer 2 and 3 and the truck rental fee according to weight of components and distance between sites will be charged.
Storage-transportation optimization model

Cost classification of model
Base on the proposed component zoning method, the whole procedure of component storage and transportation can be integrated and transferred into a problem of zone selection and allocation. A mathematic optimization model that belong to mix-integer planning, MIP, has been developed. The objective function of this model is to minimize total cost in whole storage and transportation stage of precast factory. Inventory cost has been further divided into two parts, inside and outside factory, that presented as function (2) are site fee of selected sites. In addition, the transportation cost has been divided into at least three parts that presented as function (3) 
Where IC is the sum cost in storage stage and TC is the sum cost in transportation stage.
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Where i is the index of each site inside factory; np is the total number of sites inside factory; i UP are binary variables for judgment of usage for each site i by 0 or 1; i pcs are parameters of site maintain or holding cost of each site when UP i are value 1; j is the index of each foreign site; ni is the total number of foreign site; UI j are binary variables for judgment of site usage for each site j by 0 or 1; ics j are parameters of site rental and holding cost of each site when UI j are value 1. pcs i and ics j are fixed in consideration of single precast project. Besides, foreign site must be rented until project is completed. 
∑∑∑∑
Where k and l are both the index of zone. These two parameters present the index of zone that components are transported from and components are transported to respectively when transportation between zones occurs. These situations occur in transportation between sites from inside factory to foreign site; ns is the total number of zones; m is the index of component type considering its sharp, weight and strength; ct is the total number of component type; n is the index of project time by working days; p is total working days of whole project period; TSQ k,l,m,n are positive variables to calculate the quantity of component transportation between zones; tc1 m are parameters of component transportation cost between zones which are calculated by distance and weight of component; tc2 m are the parameters of component transportation cost from foreign site to worksite which are calculated by distance and weight of component; d m,n are parameter of component demand of worksite which present component type and working day as a two dimension matrix; tc3 m are the parameters of component transportation cost from sites inside factory to worksite which calculation by distance and weight of component. The demand of components is fixed after design stage of a project. In addition, there are 2 paths the components can be only transported by zones inside factory to worksite through foreign site or zone inside factory to worksite directly. The component demand, parameter d m,n , of worksite is equal to sum of the component number which transported through these 2 paths and also equal to total sum of produced component of a project in main consideration. Beside, foreign site are rented till the end of project and cannot retain component. Thus, the quantity of transported component from site inside factory to foreign site is equal to the quantity of transported component from foreign site to worksite. Constraints: Function (4) - (8) 
Where M is a parameter with infinity value named big M in IP; SLP k,i,n are binary variables for zones are allocated into the sites i which inside factory on day n. SLI k,j,n are binary variables as SLP k,i,n for foreign site j. Zone allocation limit 1: Each zone cannot be located in more than one site at the same time.
Where period m k IS , , are variables that the component quantity stored in each zone at the and of project; period is a parameter of index n to present the last working day of project. Function (13) presents that all components produced in production stage should be first moved into zones which are allocated in sites inside factory. Supply allocation:
Where, n m sc , are paramaters for the quantity of component in type m which produced in production stage on day n. Function (14) presents that every zone can have initial inventory at the beginning of project. This function retains the flexibility in multiple project planning and rescheduling issue. Initial inventory of zone:
Where, m k ois , are parameters for quantity of component m which stored in zone k at the beginning of project. Function (15) presents that daily inventory calculation of components which stored in each zone. Daily inventory:
Where,
are variables for quantity of component m which stored in worksite on day n. Function (16) presents as the base zoning rules that the quantity of component which is stored in a zone can not exceed the component quantity limit of this zone. Zone storage limit: www.intechopen.com
Daily inventory of worksite: 
Functions (21)- (23) 
The storage zones inside the factory are not allowed to accept any components transported from zones. All related variables and parameters in the purposed model are positive integers.
Solving tool
The optimization model proposed herein can be modeled and solved by most of mathematical programming tools. This study adopts ILOG OPL program that contains a mathematic optimization engine named CPLEX to solve the proposed model.
Experiment of model
Input data
In order to verify the accuracy of the model proposed in this study, an experiment is presented by using a small case study. Data include environmental parameters such as production supply, demand information of worksite and rules of zoning strategies, as shown in Table 3 as follows: and sc m,n . Component quantity of supply exceeds demand to form a pure case of storage and transportation problem that components is sufficient and some of them will be residual at end of considered period. Figure 7 shows whole storage and transportation information. In order to store components, zone selection and allocation must be done before any other decisions. However, 3 zones with their rules of selected during optimization proceed and they are allocated into site 2 inside factory and foreign site 3 respectively to meet the objective function. By the way, zone 2, site 1 inside factory, foreign site 1 and foreign site 2 are not adopted. All this decisions assembles the best zoning strategy. It is one of important purposes of this research that planners do not fully recognize how to store all components they have, but some clues of zoning rules are known according to their experience of factory business. In this model, all kinds of zones with their own rules that can be considered as parameter or constraints, and several foreign sites that can be use to assist factory in storing components are allowed. In addition, the best zoning strategy will be picked out through this optimization model. In order to avoid unnecessary limit of zoning strategy forming, planner can consider a great quantity of zones with possible rules. However, additional zones and sites will cause more calculation efforts are needed, but a planner with experience is supposed to screen impossible zones and sites to make all parameters reasonable. Transportation issue can be further resulted after zone allocation. Thus, vehicle path is also determined with certain transported component. This model avoids unnecessary component movement according to function 21-23. That is why zone 1 stores only 15 components although msq 1,3 is equal to 25. All other components are transported to worksite directly. Repeat the optimization process is encouraged to refine the zone strategy because unsuitable zone may occur. The example of zone 1 that mention before implies rules of zone 1 need to be adjusted if able or other suitable zone can be argued because it is not fulfilled during the considered period. Zones of this case study are superficial. However, the output can assist planner to refine their zone strategy with their experience or the latest optimized zoning strategy. PS and IS are not only two choices of zone types but they are practical. In this case study, zone 1 and zone 2 can be classified into PS because only component 3 can be stored in but zone 3 is relaxed. This study retains possibilities of zones in order to meet kinds of storage environment or ways to store component. Of course, PS and IS are included. However PS always occurs in production stage and IS in installation stage. No matter how varied zone strategy is formed, PS and IS still exist even the conflict between them. To a practical zone strategy, zones that contain PS and IS are encouraged. The whole process of solution finding took 0.46 seconds only with 1.6GHz CPU and 768 MB RAM of computer. It implies that despite the complicatedness of constraints, which contained 594 constraints and 523 variables, the model could still obtain optimized results. The solving screen of the model is shown in Figure 5 as below:
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Conclusion
Storage and transportation of precast component are quite practical issues. This study tries to point out its importance through PS and IS discussions, and an optimization model is proposed to refine a best zoning strategy through zone selection and allocation procedure. This model is proved that it can be executed and obtain solutions effectively. To create zones with practical and significant rules is important to perform this proposed model, and then zones will be confirmed for best zone strategy. This model is used as means to assist planner approaching a beneficial decision of precast factory in storage and transportation stage. Nevertheless, to set rules of each zone based on planner's experience is still critical.
